Introduction
In recent years a steep disinflation process can be observed in many economies raising the question of low inflation determinants for debate (ECB, 2016) . In the environment of plummeting commodity prices, protracted period of anemic recovery in highly developed economies as well as struggling emerging markets, several factors can be to blame for the persistently low inflation across countries. The discussion on the determinants of muted inflation, in particular on the relationship between the price dynamics and the adjustments in the domestic real activity, focuses on the highly developed economies (e.g. Blanchard et al., 2015) . Still little evidence has been presented for emerging, small open economies, highly dependent on the evolution of external factors. The main contribution of this paper is filling this gap in the literature by investigating the changes in the hybrid New Keynesian Phillips Curve augmented with external factors (henceforth hybrid Nkpc) during the disinflation period for an emerging, small open economy. For this purpose I employ the Polish data. The principal aim of this paper is to establish the recent changes to the Phillips curve and provide an explanation of the protracted period of the low inflation in a small open economy, such as the Polish one. Following the ongoing debate in the literature concerning the substantial specification uncertainty of the Phillips curve (Mavroeidis et al., 2014) , I estimate a battery of equally valid from economic perspective hybrid new-keyenesian Phillips curves for the Polish economy. In order to account for the considerable uncertainty regarding the modeling of the Phillips curve I use two vintage datasets, various measures of inflation, economic slack, external factors and inflation expectations, different Gmm estimation methods as well as three sets of instruments. The Gmm estimates in the two samples are then compared and appropriate tests are conducted to evaluate the statistical significance of the changes of Phillips curve reduced-form parameters between samples. Further, I use the conditional forecasts to evaluate whether the recent disinflation period in Poland can be explained by the adjustments in the domestic real activity. In particular, I compare the root mean square forecasting errors to find a superior combination of the proxy measuring marginal costs and inflation expectations minimizing the forecasting error in the disinflation period. For robustness check I also investigate the behavior of the Phillips curve parameters in a time-varying stochastic volatility approach. Excessive disinflation is a subject of heated discussion and scrutiny also in emerging, small open economies, such as the Polish one. Starting in 2011Q4, a steep disinflation process can be observed ( Figure 1 ). After reaching 4.4% in 2011Q4, the headline inflation measure has experienced an abrupt fall, which has been followed by an unprecedentedly long period of deflation, during which the annual inflation rate has descended to as much as -1.5% in 2015Q1, a historically low level. Although the protracted period of deflation coincides with the plummeting commodity prices, an anemic economic growth in the developed countries and struggling emerging markets, current Polish inflation rate may seem baffling when looking through the lens of the domestic real activity developments. Surprisingly enough, in the environment of robust domestic economic growth and steadily improving labor market conditions the recent disinflation process is not exclusive to the headline inflation as the core inflation measures decline and currently evolve around their historically lowest levels. This, in turn, may suggest that the responsiveness of inflation to the adjustments in the domestic real activity has recently diminished leading to a flattening of the Phillips curve. Consequently, as this phenomenon unravels, only large changes in output may impact inflation.
As a results, the economic cost of reinflation may be substantially larger. The main consequence of the Phillis curve flattening is that the expansionary monetary policy may have an asymmetric influence on the nominal and real economy, stimulating successfully the demand side while leaving the prices unadjusted for a longer period of time.
The identification of the determinants shaping the recent disinflation and the protracted presence of low inflation is crucial to the monetary policy conduct in small open economies. By estimating the strength of the link between the price dynamics and the adjustments in the domestic real activity the monetary authority can assess to what extent inflation is responding to the domestic developments and to what extent it is governed by global factors or controlled by high nominal rigidities. Several conclusions are warranted in the paper. Firstly, based on the Polish data the results advocate that a statistically significant relationship between inflation and the adjustments in the domestic real activity persists in a small open economy. However, during the recent disinflation period the estimates of the Phillips curve's slope coefficient has on average decreased across specifications. This would suggest that the phenomenon of Phillips curve flattening is not exclusive for the highly developed countries but can be present also in emerging, small open economies. Moreover, while the slope flattens, the impact of the external factors has recently strengthened. This claim is robust to different estimation techniques, sets of instruments as well as inflation measures. Secondly, the ex-post forecasts indicate that cyclic factors do not fully explain the gradual lowering of the Polish inflation rate. However, in the environment of robust economic growth and constant improvements in the labor market, the flattening of the Phillips curve may highlight the inadequacy of the pressure exerted on prices by the demand side. Thirdly, the results reveal that in order to model Polish inflation by the Phillips curve, specifications with unemployment gap as a slack measure and survey inflation expectations should be firstly considered as they tend to have superior predictive ability compared to other specifications. The outline of the paper is as follows. Section 2 attempts to briefly review the comprehensive literature on the Phillips curve. The data and the methodology used in this analysis are presented in section 3. Main results as well as robustness check is presented in section 4 and 5, respectively. Section 6 concludes.
Literature review
Literature on the trade-off between inflation and real economic activity is voluminous. Although economists broadly agree that inflation can be curbed at a cost of lower aggregate demand, at least in the short-run, the specification of the Phillips curve has been a subject of vivid debate since the seminal work of Phillips (1958) , who introduced the concept for UK's wage inflation and unemployment. Samuelson and Solow (1960) have provided a subsequent extension by gauging the relationship between the U.S. unemployment and price inflation. Since then a myriad of Phillips curve specifications has been studied with the emphasis laid upon the nature of the inflation-aggregate demand relationship and its inference for the monetary policy conduct. This abundance of research, caused by the nontrivial choice regarding the variable proxies, estimation methods or theoretical assumptions imposed on the model, is comprehensively reviewed by, inter alia, Gordon (2011), Danišková and Fidrmuc (2012) and Mavroeidis et al. (2014) . Along with the development of the economic theory, the landmark specification of the Phillips curve has been subjected to numerous alterations. Within the new neoclassical synthesis confines (Goodfriend and King, 1997) , Gali and Gertler (1999) and (Gali et al., 2001 ) propose a hybrid new-keynesian Phillips curve to model the U.S. and the European inflation and reconcile the purely backward-looking and forward-looking approaches while accounting for the firm's marginal cost dependent on the nominal rigidities in the economy (Roberts, 1995) . Inflation inertia has been introduced into purely forward-looking Phillips curve to improve its statistical properties, following the critique concerning the unsatisfactory fit of expectations-driven models (Fuhrer and Moore, 1995; Fuhrer, 1997; Rudd and Whelan, 2005) . Several microeconomic foundations are offered to sanction this, e.g. market rigidities with the information asymmetries Lucas (1976) , staggered relative wage contracts (Fuhrer and Moore, 1995) , firms updating their prices using a backward-looking rule of thumb (Gali and Gertler, 1999) or indexing prices to past inflation (Christiano et al., 2005) . The choice of optimal proxies for estimating the Phillips curve is problematic. Firstly, a variety of inflation measures can be adopted: Gdp or private consumption deflators, headline, core or supercore inflation (Fröhling and Lommatzsch, 2011) . In an emerging, small open economy all these measures may be differently distorted by the external shocks or changes in the institutional factors, such as indirect taxation (Rogers, 2007) . Secondly, firm's marginal costs are unobservable and therefore proxies of this variable are used in empirical research. There is no apparent consensus which measure supremely approximates this latent variable. Gali and Gertler (1999) employ labor share to measure economic slack. However, subsequent studies by Rudd and Whelan (2005 reveal its countercyclicality in comparison to the cyclical behavior of the real marginal costs and criticize this measure. Currently, output gaps (e.g. Ha� lka and Kot� lowski, 2014) or unemployment rates or gaps (e.g. Weiner, 1993) are widely used. Other approaches advocate the usefulness of short-run unemployment rates (e.g. Gordon, 2013; Krueger et al., 2014; Ball and Mazumder, 2014; Cao and Shapiro, 2014) , as long-run unemployed exert less upward pressure on wages and prices due to their long absence on the labor market and their human capital depreciation (Gordon, 2013; Watson, 2014) . A novelty approach is proposed by Stock and Watson (2010) , who employ an unemployment recession gap illustrating the deviation between the current and the minimal unemployment rate in 11 preceding quarters. Broadly speaking, using various measures of economic slack may prove beneficial as the uncertainty regarding the proper measurement of the output gap remains high (Jarocinski and Lenza, 2015) . Thirdly, the choice of inflation expectations measure and the assumptions regarding its exogeneity has profound effects on the required estimation method and the parameter's statistical properties (Mavroeidis et al., 2014) . Popular proxies for inflation expectations include model-based, survey-based measures or expectations implied from the financial market instruments. Empirical literature points to the superior ability of survey-based inflation expectations in forecasting inflation (e.g. Ang et al., 2007; � Lyziak, 2013) . Fourthly, an appropriate baseline specification of the hybrid Nkpc can be augmented with a set of control variables. Gordon (1990) prompts to extend the Phillips curve by the supply-side developments inducing cost-push inflation. Indeed, the importance of globalisation as well as the recent, evident presence of persistent global supply shocks protractedly influencing inflation measures across economies are highlighted in many works (e.g. Borio and Filardo, 2007; Ciccarelli and Mojon, 2010; IMF, 2014; Malikane, 2014; Bianchi and Civelli, 2015; Aastveit et al., 2016) . Moreover, Ha� lka and Szafranek (2016) show that developed economies can transmit inflation to small open economies. Apart from the choice of adequate proxies, selecting appropriate estimation method as well as necessary instruments poses a dilemma. Within the Nkpc framework, the choice of estimation technique is stricly connected to assumptions regarding inflation expectations. Mavroeidis et al. (2014) summarize commonly employed approaches. These include generalized instrumental variables proposed by McCallum (1976) and propagated under its current name by Hansen and Singleton (1982) , inflation expectations derived from a Var framework (Fuhrer and Moore, 1995; Sbordone, 2002) , using survey measures or data revisions as external instruments. Commonly, due to the endogeneity problems, Gmm estimation is adopted. However, under strict assumptions about the nature of survey-based inflation expectations hybrid Ols can be employed (Rudebusch, 2002; Adam and Padula, 2011) . Furthermore, due to the notorious difficultly of inflation forecasting (Atkeson and Ohanian, 2001; Stock and Watson, 2007; Faust and Wright, 2013) , finding exogenous lagged variables correlating sufficiently with future inflation can be a daunting challenge. As a result, potential instruments could likely be subjected to the weak identification problem (Stock et al., 2002) leading to estimates that are biased (Mavroeidis et al., 2014) and sensitive to information set (Rudd and Whelan, 2007) . Finally, the responsiveness of inflation to changes in economic slack may be time-varying. Empirical literature concentrates on the inflation-aggregated output relationship in the U.S, the European and selected highly developed economies and provides ambiguous conclusions. Although numerous prominent studies exemplify the phenomenon of Phillips curve flattening and in extreme cases lack of connection between the inflation and domestic real activity in advanced economies (e.g. Helbling et al., 2006; Mody and Ohnsorge, 2007; Musso et al., 2009; Kuttner and Robinson, 2010; Abbas and Sgro, 2011; Matheson and Stavrev, 2013; Andrle et al., 2013; Broadbent, 2014; IMF, 2014; Coibion and Gorodnichenko, 2015; Blanchard et al., 2015) , several studies conclude that recently a steepening both for the U.S. and the euro area is observed (Alvarez and Urtasun, 2013; Stella, 2012; Oinonen and Paloviita, 2014; Riggi and Venditti, 2014) . Popularly, globalization as well as high central bank's credibility motivate the decrease in the Phillips curve slope, whereas steepening is explained by structural reforms decreasing nominal rigidities. Although there is some evidence on the flattening of the Phillips curve in emerging markets (Çiçek, 2012) , to the best of my knowledge, changes in Phillips curve parameters have not been investigated for emerging, small open economies facing low inflation environment. From the perspective of an emerging, small open economy's central bank, properly identified parameters of the hybrid Nkpc entail a valuable information for monetary policy action, especially in the low inflation environment. Determining the prices' sensitivity to adjustments in the domestic real activity and external factors as well as comparing the inflation inertia versus the impact of inflation expectations, should allow the central bank to adequately adjust its policy and manage the expectations by communicating the reasons for the short-term deviations of inflation from the central bank's desired target (Blinder, 2000; Blinder et al., 2008) . Literature discusses various macroeconomic risks of persistent low inflation in developed economies, e.g. the de-anchoring of the inflation expectations via cost-push shocks coupled with undermined central banks' credibility, ineffectiveness of conventional monetary policy instruments, challenges for financial stability, debt deflation, downward nominal wage rigidities, contractionary effects of cost-push output-expanding shocks at Zlb (Rosengren, 2014; Neri and Notarpietro, 2014; Tenreyro and Thwaites, 2013; Galati and Moessner, 2013) . Therefore, pinning down the changes in the hybrid Nkpc in an emerging, small open economy grappling with protracted period of deflation is beneficial, especially if the economic cost of reinflation remains unknown. With a plethora of possible extensions to the baseline Phillips curve model pursued in the literature, Literature review no universal framework has been provided. Therefore, in this paper I estimate a number of a priori economically reasonable hybrid Nkpc to investigate the changes in the Phillips curve parameters across specifications for an emerging, small open economy.
Data and methodology
This section discusses the estimation procedure of various specifications of the hybrid Nkpc for an emerging, small open economy. For this purpose I employ Polish data. Firstly I present the econometric model specification and discuss adopted proxies of inflation, economic slack, imported inflation and inflation expectations. Next, I move to describing the proposed estimation procedure.
Specification of the econometric model
The baseline setup of the hybrid Nkpc considered in this paper is presented in equation (1):
where: π is inflation, µ is a constant term, x is a measure of economic slack, π e is an inflation expectation measure and π i is a measure of imported inflation. For inflation indices I use annualized quarterly growth rates. Economic slack enters the estimation as a standardized measure. The lag for the economic slack variable and the influence of the imported inflation has been set to one, which is in line with previous studies of the Phillips Curve on aggregated as well as disaggregated level for the Polish economy (e.g. Przystupa and Wróbel, 2011; Ha� lka and Kot� lowski, 2014) . Specifying the hybrid Nkpc differently by including a variety of different measures of inflation, economic slack, external factors and inflation expectations in a fixed-coefficient approach resembles on the one hand the considerable uncertainty around the choice of optimal proxies and a lack of economic consensus around the proper model specification. On the other hand, it simultaneously allows to hedge against this substantial uncertainty regarding the proper specification by investigating the cross-section of the hybrid Nkpc parameters (ECB, 2016) 1 .
In the analysis the following inflation indices have been considered:
1. Hicp inflation (constant taxes), 2. Hicp inflation excluding energy, food, alcohol and tobacco (constant taxes, henceforth core inflation), 3. Hicp inflation, 4. Hicp inflation excluding energy, food, alcohol and tobacco, 5. Consumer Price Index, 6. Consumer Price Index excluding food and energy prices.
My preferred inflation measure is the second one -by construction this measure should be distorted to the smallest extent by external shocks to commodity prices and changes in indirect taxation. External shock proved to be important drivers of broad inflation measures in small open economies (Ha� lka and Kot� lowski, 2016) . Therefore, in the paper I will focus the discussion of the outcomes mainly on the estimation results for core measure 2 .
As regards economic slack, the following measures have been selected:
1. real Gdp, 2. output gap calculated from a production function of a structural macroeconometric model for the Polish economy (Budnik et al., 2009 ), 3. output gap published by the EC (interpolated to quarterly series),
1 The approach presented here is similar to the one found in ECB (2016) and Alvarez and Urtasun (2013) . However, in the Ecb report a much smaller set of variables is considered for the Polish economy and the equations are estimated using Ols disregarding the potential endogeneity problems. The conclusions for Poland based on the ECB (2016) report are ambiguous. In this paper I perform a deeper investigation of the link between the nominal and real economy in Poland by studying a larger variable set and employing different estimation techniques.
2 However, a summary of the changes in the slope steepness, the impact of inflation persistence, external factors as well as inflation expectations is also provided and discussed. Due to the substantial dimensionality of the results additional material is available on request.
4. output gap published by the OECD (interpolated to quarterly series), 5. output gap calculated using a Hodrick-Prescott filter with the standard parameter λ = 1600, 6. capacity utilization, 7. unemployment rate, 8. underemployment index calculated for the Polish economy by Wyszyński (2016) , 9. unemployment gap, 10. unemployment recession gap proposed by Stock and Watson (2010) , 11. labor share, 12. long-term unemployment rate.
As far as imported inflation is concerned, the following measures have been used:
1. import price deflator, 2. the commodity price index denominated in Polish zloty, 3. the oil price index denominated in Polish zloty, 4. the real effective exchange rate.
Finally, I adopt inflation expectations indices available for the small open economy of Poland. Detailed information about the construction of inflation expectations for the Polish economy can be found in � Lyziak (2013) . In this study the following measures have been chosen:
1. an average of headline inflation over four past quarters, 2. the objectified measure of consumer inflation expectations, 3. the subjectified measure of consumer inflation expectations, 4. the alternative subjectified measure of consumer inflation expectations, 5. the inflation expectations of enterprises, 6. the inflation expectations of professional forecasters.
The dataset features observations at quarterly frequency. Time series with seasonal patterns have been seasonally adjusted using automated X-13-Arima-Seats procedures. A summary of all variables used in the paper along with their labels, abbreviation expansions and additional informations are explained in Table A .1.
Estimation procedure
The estimation procedure is conducted in three steps. First, I estimate the reduced-form parameters of the hybrid Nkpc presented in equation (1) The breakpoint set in 2012Q1 is singled out subjectively by the author. I motivate this choice by the changing behavior of the inflation dynamics -as illustrated on Figure 1 , starting in 2012Q1, after a period of relative stability and no clear trends, both the headline inflation as well as core inflation measures in Poland have begun to systematically decline. My preferred method of estimation is the generalized method of moments (Gmm). The reason behind this choice is the necessity to account for the endogeneity problem resulting from the inclusion of the inflation expectation term in the Phillips curve equation. However, as the reliability of Gmm in small samples may be questionable and the estimates of the hybrid Nkpc are sensitive to the choice of the Gmm estimator (Bårdsen et al., 2004) , for comparison purposes different versions of the Gmm estimator are implemented, namely the Two-step Gmm of Hansen (1982) , the Iterative Gmm, the continuous updating estimator (Cue Gmm) of Hansen et al. (1996) as well as a specific kind of Gmm estimator -a two-stage least squares (Gmm Tsls). Efficient Gmm estimators are obtained by using a heteroscedastic and autocorrelation consistent estimate of the asymptotic variance-covariance matrix with quadratic spectral kernel and a data-driven bandwidth parameter postulated by Andrews (1991) . The obtained estimates are contrasted with a standard Ols approach, in which all explanatory variables are treated as exogenous. For the moments conditions in the Gmm approach I propose instruments that are broadly in line with the existing literature (e.g. Budnik et al., 2009; Mavroeidis et al., 2014) . However, due to limited sample availability fewer instruments are chosen than, inter alia Gali and Gertler (1999) have proposed in their studies. In the baseline specification, I choose the following variables as instruments: a constant, four lags of inflation and two lags of slack measure, one lag of wage inflation (measured as the quarterly change in the compensation per employee), one lag of the measure reflecting imported inflation and one lag of inflation expectations measure. I also consider two alternative identification schemes. In the first one (henceforth Alternative I) I pursue the case where more instruments are employed. Therefore, a constant, four lags of inflation and two of slack measure, two lags of wage inflation, one lag of the measure reflecting external factors and two lags of the inflation expectations are used. However, due to relatively large number of moment conditions compared to the sample size, the Gmm Cue as well as the iterative estimator fail to converge more frequently. Moreover, studies show that using too many instruments with respect to the sample size can lead to a severe bias in Gmm estimates (Hansen et al., 2008) , especially if the instruments are weak. In the second approach (henceforth Alternative II) I investigate the case when only few instruments are chosen. I adopt as instruments a constant, two lags of inflation, two lags of slack measure, one lag of the measure of external factors, one lag of wage inflation and one lag of inflation expectations. This time the estimators converge in almost every case, but intuitively the parameters of the intrinsic persistence and slope in the Phillips curve may be underestimated.
The endogeneity of instruments is tested with the J-test of overidentifying restrictions (Hansen, 1982) . I also perform a test for dynamic homogeneity property to check, whether in the long-run changes in expectations are resembled in analogous changes in inflation. For that purpose I accomodate a linear restriction test with the null hypothesis H 0 : ρ + γ + λ = 1. Under the null the test statistic follows a F distribution. In the second step, I evaluate the significance of the hybrid Nkpc parameter's change in inflation persistence ρ, Phillips curve slope β, the influence of external factors λ and inflation expectations γ as well as long-term intercept of the Phillips curve θ 3 . In order to assess the changes in the studied coefficients ρ, β, λ, γ and θ I regress the obtained reduced-form parameters of the hybrid Nkpc from the first sample-denoted here as (I)-on the respective coefficients from the second sample-denoted here as (II)-using Ols estimator. Equation (2) summarizes this step where variable y represents the variable of interest:
The intercept of these simple regressions is restricted to zero -that way the estimated slope parameter κ informs about the average change in the coefficients of the hybrid Nkpc between samples. This parameter is subjected to a one-sided t-test. Under the null hypothesis H 0 : κ = 1 which reflects that the estimates have not changed between samples. The alternative hypothesis is one-sided depending whether the parameter κ < 1 or κ > 1. A caveat should be aired here, as this approach may be subjected to a generated regressors problem (Pagan, 1984) . To account for the probable problem of influential observations I impose a specific Hac correction on the variance-covariance matrix (Cribari-Neto, 2004) . The proposed correction is claimed to further improve small sample performance of Hc estimators. For additional robustness check, to exclude the impact of outliers, the same regression is conducted on a set of estimates from specifications, for which the estimated slope coefficient lies within the 90% interquantile range of the PC slope coefficient in the whole sample for a given inflation measure.
In the third step, in order to answer the question of disinflation determinants I calculate dynamic forecasts of the annual inflation rate throughout the forecast horizon 2012Q1-2015Q3 using the newest information set and the Phillips curve coefficients estimated on the first vintage (henceforth conditional forecasts). This method is summarized in equation (3):
where: π f t+h is the inflation forecast in forecast period h, (I) notifies that the estimated parameters via Iterative Gmm with baseline instrument set from the first sample are used, (II) informs that actual values of variables from the second sample in forecast period are employed, h denotes the forecast period. The quality of the forecasts is evaluated by calculating the root mean square forecasting errors (Rmse). Based on this criterion I infer also which measure of economic slack should be used to model inflation in the case of Poland.
Results
This section presents the results of the estimation procedure. I concentrate the discussion around the estimation outcomes for the baseline model (with core inflation as dependent variable and the Iterative Gmm estimation method 4 ). However, in the appendix I provide the estimation results for all inflation measures and all distinguished estimation methods. Two main blocks of results are presented in the paper: the significance of changes in the hybrid Nkpc coefficients between samples and the determinants of excessive disinflation from the hybrid Nkpc perspective. I start by discussing the changes in the reduced-form hybrid Nkpc parameters between the samples and in the parameters distributions. As a robustness check I also investigate the relation of parameters between samples after trimming the tails of the slack coefficient in the whole sample by 5% at each side of its distribution and disregarding the corresponding parameters of the hybrid Nkpc in both samples.
In the second part I present the conditional forecasts of the hybrid Nkpc based on fixed-coefficient and time-varying parameters approach. I investigate whether some specifications of the Phillips curve were able to pin down the disinflation period in Poland.
Changes in hybrid NKPC coefficients during low inflation period
I start with presenting the aggregate estimation results for the hybrid Nkpc with core inflation as dependent variable. Across different Gmm estimation routines, the slope of the Phillips curve β is positive in around 90% of 288 equally reasonable specifications of the hybrid NKPC and significant in more than 50% of them at α = 0.05 significance level. However, the median estimate of β falls between samples (on average by 0.07) and so does its fraction significant (on average by 0.11), which could signal the flattening of the Phillips curve and will be discussed later in the paper. Second, intrinsic inflation persistence coefficient ρ is nearly always positive and statistically significant at α = 0.05 significance level implying a robust relation between current and past price dynamics. Between samples the median estimate increases only marginally (on average by 0.03). This would imply a stable inflation persistence throughout time. Third, the influence of the imported inflation λ is better identified in the whole sample, where the fraction significant at α = 0.05 increases on average by 0.23 and approaches around 0.5 in majority of cases. The median coefficient of imported inflation λ also increases which underlines the rising role of the economic environment in shaping the domestic inflation rate in small open economy of Poland. Fourth, whereas the γ coefficient measuring the impact of inflation expectations is mostly positive, its fraction significant statistic is subjected to large changes between samples and does not exceed 0.5. This would incline that inflation developments on average are driven more by the developments in the real economy and are rather a backward-looking that forward-looking process. However, based on the results of the dynamic homegeneity test, in the long-run the changes in the expectations are reflected in the analogous changes in inflation in around 85% of specifications. On the aggregate level, there is robust evidence on the validity of overidentifying restrictions of the Phillips curve-the fraction rejections of the Hansen J-test at significance level α = 0.05 does not exceed 0.1 (with the exception when the Gmm Two-step method is used on the data spanning the period 2002Q1-2011Q4) 5 .
Results
A more disaggregate analysis can be conducted based on Figure 2 . Each plot illustrates the changes in the Phillips curve reduced-form parameters between samples, where each point on the graph represents a pair of coefficients. The first coordinate resembles a respective reduced-form parameter of the hybrid Nkpc in the sample 2002Q1-2011Q4, whereas the second coordinate reflects a reduced-form parameter in the sample 2002Q1-2015Q3. Apart from a 45-degree line drawn to illustrate the no-change border, a fitting procedure through the cloud of points described in section 3 is conducted and regression results are printed in the top-left corner of the graphs (the parameter κ relating the parameters from the second sample to the ones from the first sample). Moreover, as different economic slack, imported inflation and inflation expectations measures are distinguished with different colors, specifications signaling increase and decrease between samples can be easily isolated. The results illustrate that during the disinflation period in the Polish economy the influence of the domestic real activity on price developments has diminished. The parameter β gauging the slope of the Phillips curve is on average around 39% smaller across specifications in the second sample than in the first sample. Moreover, after adjusting for heteroscedastic errors, the decrease is statistically significant at α = 0.05. In specifications relying mostly on real Gdp and output gaps as a proxy for marginal costs the slope parameter β crosses the 45-degree line in the second sample indicating a slight steepening of the Phillips 5 From the technical point of view, in limited number of cases the Gmm Cue failed to converge or produced large estimates in absolute values due to the fat tail property of this estimator. This resulted also in broader 90% interquantile ranges for the estimated parameters. Moreover, in some cases the median of the estimates obtained via the Gmm Tsls are slightly biased towards the Ols estimates.
curve. However, estimates from hybrid Nkpc specifications with slack measures based on the information from the labor market (with the exception of unemployment gap indicating mostly no change in the steepness of the Nkpc slope) only reluctantly exceed the 45-degree line. This might be explained by the recently observed divergence between the situation on the labor market and in the whole economy. After 2011 economic growth in Poland has considerably slowed down, rebounded after 2013Q2 and has been fairly stable since 2014Q1. On the other hand, unemployment rate revealed much lower variation after 2011 and has been systematically falling since 2013Q2. As this decoupling of labor market conditions from the domestic economic activity proceeds, Phillips curve with slack measure based on information from labor market may reveal stronger flattening effect. Taking into account all specifications, on average the slope estimates β are smaller in full sample and across specifications a flattening can be advocated.
In the disinflation period the inflation persistence has been stable, rising only insignificantly. Moreover, no clear pattern for the behavior of ρ across specifications can be observed here. Further, in majority of specifications the coefficient measuring the influence of the imported inflation has risen considerably (on average by more than 40%), and the change is proved to be statistically significant. This change is observed mostly in specifications with the import price deflator and the real effective exchange rate. This constitutes an important conclusion for the small open economy signaling the growing openness and connectedness to the external environment, which results in higher sensitivity of inflation measure to foreign factors. The role of inflation expectations in driving inflation has recently diminished. Interestingly, almost all coefficients with past inflation as an inflation expectations measure enter the Phillips curve equation with the negative sign. This could imply a mean-reverting property of inflation-an increase in past inflation leads to the decrease in current inflation rate. Finally, due to the decline in average inflation expectations the long-run intercept of the Phillips curve, which can be perceived as a measure of trend inflation, has also decreased and the change is statistically significant. In order to check whether these results are robust to the influential observations I exclude the impact of outliers by estimating again the simple equations on a set of estimates corresponding to these Nkpc specifications, which slope coefficient β lies within the 90% interquantile range of all slope coefficients in the whole sample. Therefore, a relation of 258 coefficients of hybrid Nkpc between samples is considered. The outcomes indicate that there is very little variation in the estimated κ coefficients with respect to the non-trimmed sample and the conclusions remain the same -a flattening of the Phillips curve is statistically significant as well as the impact of external factors becomes stronger. Detailed results are available on request.
The findings are robust also to different sets of instruments and inflation measures. Table 2 summarizes the changes in the coefficients estimated between analyzed samples for all studied inflation measures and different instrument sets. The hybrid Nkpc coefficients are estimated via Iterative Gmm method. In the table κ coefficients have been reported along with their standard deviations and the outcome of the one-sided t-test. The results are broadly stable across all inflation measures and point to the decrease in the slope of the hybrid Nkpc. Moreover, quantitatively the parameter κ does not change much across different sets of instruments for all the hybrid Nkpc parameters with two exceptions. One, imported inflation coefficient of the hybrid Nkpc with inflation measures including indirect tax changes fall significantly between samples, whereas for the tax-adjusted measure, the role of imported inflation increases throughout time. Two, the role of inflation expectations rises for the broad inflation measures, when second alternative set of instruments is employed. In other specifications the impact of inflation expectations on actual inflation declines. Overall, reduced-form parameters decline during the disinflation period. This could suggest that a factor not accounted in the specification of the hybrid Nkpc currently governs the inflation dynamics. Note: In the table κ estimates from simple regressions are given along with their standard deviations calculated using the Newey-West HAC estimator (in parentheses). '-' denotes a decrease in coefficients between samples, whereas '+' denotes an increase in coefficients between samples. A one-sided test has been conducted to establish the significance of the change. Under the H0 : κ = 1. *** denotes significant change at α = 0.01, ** denotes significant change at α = 0.05 and * denotes significant change at α = 0.1 significance level. Results are presented for hybrid NKPC parameters identified using a baseline and two alternative sets of instruments described in Section 3 and obtained using the Gmm Iterative estimator. Source: own calculations.
Next, I analyze the changes to the cross-sectional distributions of the hybrid Nkpc parameters. Figure 3 illustrates overlaying histograms of the reduced-form coefficients between samples for the whole crosssection. Elementary statistics and p-value corresponding to a one-sided t-test for the equality of mean are provided as well. The distribution of the intrinsic inflation persistence ρ in the full sample moves marginally to the right with respect to the first sample, but the increase in its mean is statistically significant at α = 0.05 significance level. On the other hand, the distribution slope coefficient β in the full sample has a stronger negative skew as the fraction of the β parameters approaching zero increases. A one-sided t-test for the equality of means confirms the flattening of the Phillips curve. The mean estimate of the parameter λ gauging the influence of imported inflation and the inflation expectations parameter γ approximately double between samples. Moreover, in the case of parameter γ the distribution becomes more positively skewed, as the fraction of negative parameters fades out to the benefit of the center of the parameter's distribution in the whole sample 6 . Finally, the distribution of the long-term intercept of the Phillips curve shifts to the right in the full sample and the parameter θ becomes more evenly distributed. The conclusions hold once the parameters set is restricted to contain the specifications with the parameter β within its 90% interquantile range.
Determinants of the disinflation period in Poland -a hybrid NKPC perspective
In this section I discuss the forecasting performance of the hybrid Nkpc during the disinflation period in Poland. Based on the results of this exercise I infer about the determinants of the Polish low inflation. I adopt the conditional forecasts methodology described in Section 3. Core inflation is the forecast variable.
Rmse statistics are calculated between the forecast inflation rate the actual core inflation throughout the forecast horizon 2012Q1-2015Q3.
Figure 4: Root mean square errors of the NKPC-implied conditional forecasts for core inflation
Note: Plots present the RMSEs of the conditional forecasts in a fixed-coefficient approach depending on the slack measure (axis S) and inflation expectations measure (axis E) calculated as a root of the averaged squared error between the forecast and realized values over all horizons. The numbers on both axes represent subsequent measures according to the order of appearance in the text. Minimal, average and maximal errors are reported due to the fact these errors are not averaged across the dimension of external factors. Core inflation stands for the seasonally adjusted HICP inflation excluding energy, food, alcohol and tobacco (constant taxes). Source: Own calculations. Figure 4 illustrates the Rmse of various specifications of the hybrid Nkpc for core inflation. The best performing model includes unemployment gap, import price deflator and firm's inflation expectations. Regardless the inflation expectations and imported inflation measure the forecasts based on the unemployment gap tend to have lowest error statistics. Using past inflation as an inflation measures generates high errors, while the use of inflation expectations of professional forecasters generally delivers mixed results. In general, the forecasting ability is sensitive to the choice of slack measure. Additional analysis for other inflation measures reveal that while using past inflation delivers substantial errors, the use of survey-based methods lead to the substantial decrease of errors, but no apparent pattern is observed. Table B .7 provides the minimal error statistics across different inflation measures, economic slack and inflation expectations. Broadly speaking, for four out of six inflation measures the forecast which includes information about the development of the real Gdp and the survey-based inflation expectations proves to mimic the inflation dynamic most closely. However, the use of unemployment gap delivers only slightly worse results. Therefore, it can be concluded that the developments in the real economy measured either by the real Gdp or the unemployment gap have not exerted enough pressure on prices recently, contributing to the disinflation period in Poland. However, more structural analysis is required here to disentangle influence of inadequate demand and global factors on domestic inflation. Note: For a fixed-coefficient approach parameters estimated using Iterative GMM in the first sample and used along with the realized paths of economic slack, external factors and inflation expectations to produce dynamics forecast. For a time-varying approach similar exercise has been conducted but the NKPC parameters in the forecast horizon equal to the estimated ones at 2011Q4 (the methodology behind the time-varying approach is discussed in more detail in the next section while forecast results are presented here for clarity of comparison). Core inflation stands for the seasonally adjusted HICP inflation excluding energy, food, alcohol and tobacco (constant taxes). Source: Own calculations.
Finally, Figure 5 illustrates the cross-section distribution of all hybrid Nkpc forecasts aggregated into fancharts using the percentile method. Median forecasts (red line), subsequent percentiles of the forecast distribution and the realization (dashed black line) are presented for fixed-coefficient and time-varying coefficient approach. The graphs illustrate that the conditional forecasts implied by the 2002Q1-2011Q4 parameters and the 2012Q1-2015Q3 data overshoot inflation and the median forecast lies above the realization of inflation throughout the forecasting horizon. In the fixed-coefficient approach the realized inflation lies within the 5 th and the 20 th percentile of the forecast distribution, whereas the path implied by the time-varying Phillips curve converges at the end of the forecasting period towards the actual inflation rate. Importantly, the path of forecast inflation does not pick up during the rebound of economic growth in Poland, which could indicate an insufficient pressure exerted by the demand side on prices in the environment of low commodity prices.
Robustness check
For robustness check I estimate a time-varying stochastic volatility version of the hybrid Nkpc (TvpNkpc). I base this robustness check on the exercise conducted by the ECB (2016) with minor modifications. Equation (4) specifies the model 7 .
The evolution of the time-varying parameters of the model is given by independent Rw processes:
In this approach, the hybrid Nkpc coefficients and the log-volatility vary over time and follow a unit root process with structural breaks and unobserved shocks ν A priori, I assume the variation of the coefficients is to be equally small, while allowing the log-volatility process to capture the most variation. Such parametrization allows the data to establish the necessity of using time-varying structural coefficients. I use diffuse priors for initial conditions of the transition equation to initialize the smoothing algorithm extracting the latent states of the model (Carter and Kohn, 1994) . I estimate the time-varying Phillips curve in the whole sample for the specification yielding the lowest Rmse of the conditional forecast in the fixed-coefficient approach. Along with the median estimates, I report 16, 25, 75 and 84 credibility bands. While calculating conditional forecasts in the Tvp approach, I set the parameters in the forecasting horizon to the observed ones at the end of the first sample period. The results imply that the forecast from the hybrid Nkpc based on the unemployment gap, import price deflator and firm's inflation expectations 8 has followed core inflation dynamics over the forecasting period most closely achieving a Rmse of 0.13. Therefore, this specification will be considered now. Figure 6 illustrates the time-varying coefficients of the Tvp-Nkpc for the Polish economy and Table 3 7 In the time-varying approach the long-term intercept of the Phillips curve in the two samples is calculated as follows:
e , where: t denotes the parameter at time t andπ denotes the average level of inflation expectation measure over the whole sample.
8 The use of firm's inflation expectations has also been recently encouraged by � Lyziak (2016) , who shows that firm's inflation expectations is the best-performing forecasting measure in a small New Keynesian model of monetary policy.
contrasts the time-invariant coefficients estimated in the full sample and the average of the median timevarying coefficients during the excessive disinflation period of 2012Q1-2015Q3 for the Rmse-minimizing specification. In this approach a systematic, but only slight flattening of the Phillips curve can be observed after the outburst of the financial crisis. However, the modest decline in the parameter β t is accompanied by a significant amount of uncertainty. The average of the median estimate of the β t throughout 2012Q1-2015Q3 signals a weaker connection between inflation and domestic economic slack than in the case of fixed coefficient approach. The same conclusion holds for the parameter ρ t . Throughout the estimation period the intrinsic inflation persistence ρ t has gradually declined. The estimates of the imported inflation are volatile but increase during strong upswings in commodity prices and correlate closely with the annual growth rate of the import price deflator. The average median of the parameter λ t during 2012Q1-2015Q3 is similar to the fixed coefficient λ estimated on the full sample. The role of inflation expectations γ in shaping the inflation developments after slowly rising, remains in the recent period stable. Interestingly, in the Tvp approach the model estimates the impact of the inflation expectations to be more than twice as strong. The long-run intercept of the Phillips curve does not reveal a lot of volatility, however, the uncertainty around the median is vast in the beginning of the sample. Finally, stochastic volatility generally declines throughout the sample, although during the financial crises it remained elevated. Table presents the comparison between the hybrid Nkpc coefficients in the time-invariant approach and the average of the median of the time-varying coefficients during 2012Q1-2015Q3. The fixed-coefficient model is of the form: π t = µ + ρπ t−1 + βx t−1 + γπ e t + λπ i t−1 + ǫ t . Baseline set of instruments and the Gmm Iterative estimation technique is employed. The time-varying parameters model is of the form: π t = µ t + ρ t π t−1 + β t x t−1 + γ t π e t + λ t π i t−1 + ǫ t . For both models π is core inflation, µ is a constant term, x is unemployment gap, π e is firm's inflation expectation and π i is import price deflator. In the estimation process sample 2002Q1-2015Q3 has been employed. Source: own calculations.
By investigating the median estimates on Figure 6 and the average parameters over the forecast period in Table 3 , one can state that the conclusions remain broadly in line with the results obtained in a fixed-coefficient analysis-in both approaches a flattening of the Phillips curve is observed. However, the significant uncertainty accompanying the median estimate of slack parameter in a time-varying approach urges to take these results with a pinch of salt. Moreover, whereas in the fixed-coefficient framework the inflation persistence does not change significantly, in the time-varying approach is quite substantially declines in time. The time-varying approach illustrates also the dynamically changing, almost cyclic and closely correlating with the annual growth rate of import price deflator, influence of external factors-an important driver of inflation in small open economies. This implies that domestic inflation in small, open economy is heavily dependent on the imported inflation and its impact varies considerably in time.
Additionally, the impact of inflation expectations is expected to be greater, when a Tvp analysis is conducted.
Robustness check Figure 6 : Change of the hybrid NKPC parameters estimated using TVP approach for the core inflation as the dependent variable Note: Core inflation stands for the seasonally adjusted HICP inflation excluding energy, food, alcohol and tobacco (constant taxes). Source: Own calculations.
Conclusion
In the paper I have established the changes to the hybrid Nkpc reduced-form parameters in an emerging, small open economy and provided an explanation for the abrupt disinflation process and a protracted period of low inflation from the Phillips curve perspective. For that purpose I have based my analysis on the Polish data. By estimating a variety of a priori equally plausible Phillips curves on two vintage datasets using different sets of instruments and estimation routines I have conveyed the substantial specification uncertainty surrounding the estimation of the Phillips curve. By analyzing the cross-section of the hybrid Nkpc parameters I have inferred about the changes of parameters during the disinflation period in Poland. I have focused my attention mainly on the ongoing debate concerning the flattening of the Phillips curve across economies, but discussed also changes in the intrinsic persistence of inflation, as well as the role of imported inflation and inflation expectations in shaping inflation developments. In order to isolate the determinants of the low inflation period I have exploited the conditional forecasts approach to determine, whether at least ex-post Phillips curve is a sufficient economic tool to explain the recently observed price dynamics. Several important conclusion for the monetary policy conduct can be adduced from the paper. Firstly, there is ample evidence pointing to the significance of the Phillips curve flattening during the disinflation period in the Polish economy. Therefore, this process is not exclusive for highly developed countries, but may materialize in small open economies as well. Although a statistically significant relationship between inflation and the developments in the Polish real economy persists, the magnitude of this link has in the recent period of low inflation weakened. In the protracted period of deflation the inflation persistence has not changed, but the impact of imported inflation on core measure has significantly strengthened. Importantly, this conclusion is robust to changes in the estimation methods, sets of instruments and Phillips curve specifications. Secondly, the Phillips curve should still be considered as a valid economic tool linking the relation of price developments to the adjustments in the Polish economy. The ex-post forecasts indicate that although inflation rates implied by the Phillips curve are generally upwardly biased, some specifications (e.g. ones that include unemployment gap, import price deflator and firm's inflation expectations) still manage to follow closely the realized inflation path during the ongoing low inflation period in Poland. Thirdly, for forecasting purposes the use of unemployment gap or the real Gdp should be beneficial to the furthest extent. The flattening of the Phillips curve may pose a substantial puzzle for monetary policy. In the environment of robust economic growth and constant improvements in the labor market, the flattening of the Phillips curve may highlight the inadequacy of the pressure exerted on prices by the demand side as well as high nominal rigidities. If inflation will continue to adjust only partially and with a high degree of uncertainty to inflationary pressure stemming from high resource utilization in the economy and protracted period of low inflation will persist, several questions arise. Should the monetary policy horizon be prolonged to better account for extensive periods of economy imbalances as postulated by Carney (2013) ? Will allowing for prolonged periods of inflation deviation from its target for stabilization purposes (Weber, 2015) influence the central bank's credibility and lead to inflation expectations deanchoring? If inflation responds marginally to robust macroeconomic conditions, could it be the case that only large movements of output will counterbalance high inflation in the future? These questions remain open to debate.
A. Data Table A .1: Abbreviations used along with their expansions and additional information.
Variable Expanded abbreviation and additional informations
Hicpctsa HICP inflation (seasonally and indirect-taxes adjusted) Hicpxefatctsa HICP inflation excluding energy, food, alcohol and tobacco (seasonally and indirect-taxes adjusted)
Hicpsa HICP inflation (seasonally adjusted) Hicpefatsa HICP inflation excluding energy, food, alcohol and tobacco (seasonally adjusted)
Cpisa CPI inflation (seasonally adjusted) Cpixefsa CPI inflation excluding food and energy (seasonally adjusted)
Rgdpsa Real GDP (seasonally adjusted) Og Output gap (Narodowy Bank Polski's estimates) Ecog Output gap (European Commision's estimates) Oecdog Output gap (OECD's estimates)
Oghp Output gap (Hodrick-Prescott cycle's estimates) Cusa Capacity utilization (seasonally adjusted) Ursa Unemployment rate (seasonally adjusted) Ueisa Underemployment index (seasonally adjusted) Urgap Unemployment gap Urc Unemployment recession gap Lssa Labor share (seasonally adjusted) Nawru Non-accelerating wage rate of unemployment (Narodowy Bank Polski's estimates) Impdeflsa Import price deflator (seasonally adjusted) Imfallpln IMF all commodities index (denominated in Polish zloty) Gscioilpln GSCI Oil price index (denominated in Polish zloty)
Reerinv Real effective exchange rate (increase means a depreciation, BIS data) Past Past inflation (average headline inflation over past four quarters) Zin Objectived measure of consumer inflation expectations Psub Subjectived measure of consumer inflation expectations Asub Alternative subjectived measure of inflation expectations Prz Firm's inflation expectations Anf Inflation expectations of professional forecasters Source: own elaboration. www.nbp.pl
B. Estimation results

